As a preparation method of proton conducting BaCe 1¹x Y x O 3¹¤ , solid state reaction method and liquid phase mixing one from same raw materials have been compared. By solid state reaction of BaCO 3 , CeO 2 and Y 2 O 3 , segregation of Y 2 O 3 was observed in the specimens with x larger than 0.15. Employing liquid phase mixing method, BaCe 1x Y x O 3¤ single phase of 0.00¯x¯0.25 with homogeneous Y distribution, has been successfully prepared. It was revealed that crystal system of BaCe 1¹x Y x O 3¹¤ was orthorhombic distorted perovskite and monoclinic distorted one for 0.00¯x¯0.10 and 0.15¯x¯0.25, respectively. The abrupt increase of volume due to the structural phase transition was observed at x between 0.10 and 0.15.
Introduction
BaCe 1¹x Y x O 3¹¤ has been studied as a proton conducting oxide which is expected as electrolyte of solid oxide fuel cells, H 2 gas sensor and so on.
1) It has been reported that oxide ion vacancy introduced by Y 3+ partial substitution for Ce 4+ site plays important role for proton conduction.
2)6) Therefore However, low sensitivity and resolution of their observed Xray diffraction pattern made their conclusion doubtful. Takeuchi et al. 8) and Loong et al. 9) prepared BaCe 1¹x Y x O 3¹¤ ceramics with 0.00¯x¯0.30 by solid state reaction of BaCO 3 , Y 2 O 3 and CeO 2 at sintering temperature of 1600°C. They concluded that the crystal structure of BaCe 1¹x Y x O 3¹¤ with x¯0.10 and x ² 0.15 were orthorhombic distorted perovskite and rhombohedral distorted one, respectively, and that the specimen with x ² 0.15 and monoclinic distorted perovskite structure was prepared by heating under wet atmosphere. The orthorhombic crystal system of BaCe 0.9 Y 0.1 O 3¹¤ was also proposed by Knight et al. 10)12) and Bonanos et al. 13) However, there was possibility that the cation composition of their specimens deviated since Ba may volatile at 1600°C at which the specimens were sintered. 14) Kruth and coworkers 15) , 16) 19) They insisted that crystal structure of the specimens with x¯0.1 and x ² 0.15 was orthorhombic and mixture of rhombohedral and monoclinic. However, we regard that the sensitivity and resolution of their observed X-ray diffraction patterns were so low that accurate crystal structure could not be analyzed in their study. Malavasi and coworkers 20) 19) and carried out neutron diffraction measurement with high resolution. They reported that the crystal system of BaCe 0.8 Y 0.2 O 3¹¤ was monoclinic distorted perovskite although it contained 7 mol % of orthorhombic phase as impurities.
One of the causes of the above mentioned contradiction can be that preparation method of homogeneous single phase of BaCe 1¹x Y x O 3¹¤ has not been established. For solid state reaction method, sintering at high temperature to promote cation diffusion is necessary for preparation of single phase. However, sintering temperature should be less than 1600°C to avoid evaporation of Ba. In order to complete preparation reaction below 1600°C, mixing of cations in liquid phase can be promising because cation diffusion length required for preparation should be far shorter than that for solid state reaction method. So far, preparation of BaCe 1¹x Y x O 3¹¤ by liquid phase mixing method has been reported by several groups. Wang et al. 21) and Zhao et al. 22) 14) Three kinds of prepared solution were mixed resulting in a solution containing designated cation ratio. After addition of ethylene glycol, the solution was heated at about 300°C and burned to black resin. The resin was calcined at 850°C for 12 h in air, followed by uniaxially pressing into pellets, which were sintered at 1300°C for 10 h in air. In order to compare the method with solid state reaction method, same temperature and time were employed for final heat-treatment.
Morphology, cation composition and its distribution of the specimens were evaluated by secondary electron microscope (SEM: JCM-5700, JEOL Co., Ltd.,) equipped with energy dispersive X-ray analyzer (EDX: JED-2300, JEOL Co., Ltd.). In order to distinguish whether the specimen was single phase or not, X-ray diffraction patterns of the pulverized specimens were measured with Rigaku RINT-2500(Cu K¡: 50 kV, 250 mA). From the Bragg angle of the specified diffraction peaks, crystal system and lattice constants were evaluated. With increase of Y content more than 0.15, not only splitting of the peaks of distorted perovskite phase but additional peaks assigned as Y 2 O 3 were observed as shown in Fig. 1(b) .
Segregation of Y 2 O 3 in BaCe 1¹x Y x O 3¹¤ with x larger than 0.15 prepared by solid state reaction method was also confirmed by SEM-EDX analysis. Figure 2 Fig. 2(e) , it has been revealed that Y is not perfectly substituted for Ce site but segregated. Therefore, it can be concluded that so far studies for determination of crystal structure of BaCe 1¹x Y x O 3¹¤ using specimens prepared by solid state reaction would contain false solution, especially at high Y content.
Preparation of BaCe 1−x Y x O 3−¤ by liquid phase mixing method
One of the possible causes for Y segregation in BaCe 1¹x Y x O 3¹¤ prepared by solid state reaction method is low diffusion ability of Y in the specimens. It can be expected that liquid phase mixing method is effective to prepare single phase BaCe 1¹x Y x O 3¹¤ since cation diffusion length required for preparation of single phase is far shorter than that required for solid state reaction method. In this study, the composition of the specimens prepared by liquid phase reaction method should be same as one by solid state reaction method since the same raw materials were employed. Figure 3 shows X-ray diffraction patterns of BaCe 1¹x Y x O 3¹¤ (0¯x¯0.25) prepared by liquid phase mixing method. With increase of Y content more than 0.15, splitting of the peaks identified as orthorhombic distorted perovskite was observed but no peak identified as impurity was detected as shown in Fig. 3(b) . This suggested that homogeneous substitution of Y for Ce site could be realized even in As Fig. 3 indexed as above mentioned crystal structure, leading to the conclusion that crystal structure of BaCe 1¹x Y x O 3¹¤ for 0.00x¯0 .10 and 0.15¯x¯0.25 was orthorhombic and monoclinic, respectively. Figure 5 shows lattice constants of BaCe 1¹x Y x O 3¹¤ at room temperature. For calculation of lattice constants, Bragg angles of 044, 440 and 404 peaks were employed for orthorhombic symmetry and those of 323, 161, 044 and 440 peaks for monoclinic symmetry. For orthorhombic region, length of a-axis decreased with increase of Y content whereas little variation was observed for b-and c-axes. For monoclinic region, lengths of a-, c-axes and ¢ angle monotonically increased with increase of x, whereas that of b-axis decreased. Increase of ¢ angle suggested that distortion from perovskite structure became larger with substitution of Y 3+ for Ce 16) They regarded the abrupt increase as "anomaly" since they concluded orthorhombic crystal system was maintained for the specimens with 0.00¯x¯0.15; however, it can be ascribed to the structural phase transition from orthorhombic to monoclinic.
The investigation of phase transition behavior and proton conducting property of BaCe 1¹x Y x O 3¹¤ employing obtained single phase is now in progress and will be reported later. 
Conclusion

